To determine values of simple anthropometric measurements which are associated with the presence of type 2 diabetes mellitus, hypertension and dyslipidaemia and to assess anthropometric cut-off values for predicting the likelihood of these chronic conditions in a Mexican population. DESIGN AND SETTING: The data were obtained from PRIT (Prevalence of Cardiovascular Risk Factors in General Hospital Workers) surveys from 1994 to 2000 adjusted to the structure of the overall Mexican population. SUBJECTS: A total of 2426 men and 5939 women aged 38.99 AE 7.11 and 39.11 AE 14.25 y, respectively. MEASUREMENTS: The optimal sensitivity and specificity of using various cut-off values of BMI (body mass index), WHR (waistto-hip ratio), WC (waist circumference) and WTH (waist-to-height ratio) to predict type 2 diabetes mellitus (DM), hypertension (HT), or dyslipidaemia were examined by receiver operating characteristic curve (ROC) analysis. The likelihood ratios for having diabetes, hypertension and dyslipidaemia in subjects with various cut-off values of BMI, WHR, WC and WTH were calculated. Multiple step-wise logistic regression analysis was used to examine the independent relationship between the anthropometric indexes, age and smoking, and the odds ratio of having chronic conditions. RESULTS: The BMI cut-off to predict DM, HT, or dyslipidaemia varied from 25.2 to 26.6 kg=m 2 in both men and women. The optimal WC cut-offs were 90 cm in men and 85 cm in women. The WHR cut-off was about 0.90 in men and 0.85 in women, and the optimal WTH cut-off was 52.5 in men and varied from 53 to 53.5 in women. The cut-off levels for WC, WHR and WTH corresponded to the inflexion points in the likelihood ratio graphs. In the case of BMI likelihood ratio graphs, we found a significant increase in the risk for chronic conditions from 22 to 23 BMI levels in both genders. Logistic regression analyses disclosed that only BMI and age were included in all the models as well as the influence of smoking in DM and dyslipidaemia in men. CONCLUSION: Although these results may not be readily applied to the rest of the Mexican population or to other Hispanic populations, they point to the necessity of similar studies with large randomized samples to find the cut-off levels for chronic conditions in different populations.
Introduction
Obesity is associated with a higher prevalence of hypertension (HT), type 2 diabetes mellitus (DM), and dyslipidaemia. 1 -3 Obesity anthropometric indexes such as body mass index (BMI), waist circumference (WC), waist -hip ratio (WHR), and waist-to-height ratio (WTH) are all useful anthropometric measurements to provide important information on cardiovascular risks.
Apart from the association between obesity indexes and cardiovascular risks, it is also important to define the cut-off values of an individual index to allow effective screening. WHO and NIH have defined BMI, WC and WHR cut-off levels for white, black and Hispanic American adults; 4, 5 however, these definitions cannot be readily applied to other populations. The WHO MONICA survey found different WC distributions in different populations. 7 These WC differences are related to different cut-off levels as screening tools to detect hypertension in African and Caribbean population. 8 Ko found that cut-off values of anthropometric indexes to define obesity used in Caucasians may not be applicable to the Chinese. For instance, BMI cut-off values for chronic conditions are from 23 
Materials and methods
Data were collected from 1994 to 2000 during the yearly PRIT (Prevalence of Cardiovascular Risk Factors in General Hospital Workers) surveys with only the data of new participants being evaluated. In these surveys all the workers of Hospital General de México were invited to participate. Informed consent was obtained from all the participants. Participants considered were 20 y or older.
After an overnight fast, all subjects were seen in the Endocrinology service. Demographic data were documented and height and weight (to the nearest 0.1 kg) were measured with the subject in light clothing without shoes. Body mass index was calculated as the weight (kg) divided by the square of the height (m). Waist circumference (WC) was taken as the minimum circumference between the umbilicus and xiphoid process and measured to the nearest 0.5 cm. Hip circumference was measured as the maximum circumference around the buttocks posteriorly and the symphysis pubis anteriorly and measured to the nearest 0.5 cm. Waist -hip ratio (WHR) and waist-to-height ratio (WTH) were then calculated. After sitting for at least 5 min, blood pressure (BP) was measured in the right arm by the same research nurse using a standard mercury sphygmomanometer, and a large cuff was used for the obese patients. The Korotkoff sound V was taken as the diastolic BP.
Blood was taken after a 12 h fast for measurement of plasma glucose (PG), total cholesterol (TC), fasting triglyceride (TG), and high-density lipoprotein cholesterol (HDL).
In the present analysis, the American Diabetes Association criteria were used to diagnose diabetes. 10 Diabetes was defined as a fasting PG of 7.0 mmol=l and=or 2 h PG 11.1 mmol=l. 10 Hypertension was defined as a systolic BP of 140 mmHg and=or diastolic BP of 90 mmHg. 11 Dyslipidaemia was considered to be present if plasma total cholesterol was 5.16 mmol=l and=or a fasting triglyceride of 2.26 mmol=l and=or HDLC < 0.90 mmol=l (these patients also had LDLC 14,15 ROC curves were plotted using measures of sensitivity and specificity based on various anthropometric cut-off values. The ROC curve analysis allows visual evaluation of the trade-offs between sensitivity and specificity associated with different values of the test result. 14, 15 With the ROC technique, comparison of sensitivity with the specificity rate was made over the entire range of BMI, WHR, WC and WTH. The BMI, WHR, WC and WTH cut-off points were determined by interpolation from the point of intersection of the lines of specificity and sensitivity (where sensitivity equaled specificity). The point of intersection between lines of specificity and sensitivity identified the highest numbers of subjects with and without a given chronic condition. 16 Sensitivity was defined as the percentage of the total number of subjects with the chronic condition who were correctly identified by the anthropometric indexes cut-off points with specificity defined as the percentage of the total number of subjects without the chronic condition who were correctly identified by anthropometric indexes cut-off points.
The overall performance of the ROC test was quantified by computing area under the curve (AUC). An AUC of 1 indicated perfect performance, while 0.5 indicated a performance that was not different from chance. 15 The likelihood ratio (LR) was calculated to estimate the odds of having diabetes, hypertension or dyslipidaemia in subjects with various cut-off values of the anthropometric indexes. 17 LR is defined as sensitivity=(1 7 specificity). The sensitivity and specificity of having chronic conditions at various anthropometric cut-off values were calculated using the adjusted population classified with reference to each cutoff level and hence the corresponding LR was derived. Since LR refers to actual test results before disease status is known, it is more immediately useful to clinicians than sensitivity and specificity. 17 Multiple step-wise logistic regression analysis was used to examine the independent relationship between the four anthropometric indexes of age and smoking and the odds ratio of having DM, HT or dyslipidaemia.
Results
The adjusted population consisted of 2426 men and 5939 women. Their anthropometric indexes and prevalence of glucose impaired tolerance (GIT), type 2 diabetes mellitus (DM), blood hypertension (HT) and dyslipidaemia are summarized in Table 1 . Men had a greater height, WC, WHR and prevalence of DM and dyslipidaemia than women.
Except the significant correlation between WTH and WC, there were no close associations amongst the anthropometric indexes, as shown by the age-adjusted partial correlation coefficients (see Table 2 ). Table 3 summarizes the cut-off values of various anthropometric indexes to predict DM, HT, or dyslipidaemia using the ROC analysis. The BMI cut-off to predict DM, HT or dyslipidaemia varied between 25.2 and 26.6 kg=m 2 in both men and women. The optimal WC cut-off was 90 cm in men and 85 cm in women. The WHR cut-off was approximately 0.90 men and 0.85 in women and the optimal WTH cut-off was 52.5 in men and varied between 53 and 53.5 in women. Figures 1 and 2 show the likelihood ratios of having DM, HT, or dyslipidaemia in subjects with different values for these four anthropometric indexes. The cut-off levels for WC, WHR and WTH corresponded to the inflexion points in the likelihood ratio graphs. In the case of BMI likelihood ratio graphs, we found a significant increase in the risks for chronic conditions from 22 -23 BMI levels in both genders. Prediction of type 2 DM, hypertension and dyslipidaemia A Berber et al Table 4 summarizes the independent relationships between these four anthropometric indexes of age and smoking and the relative risk of having DM, HT or dyslipidaemia using logistic regression analysis. BMI and age were the parameters included in all models, however, in men with DM and dyslipidaemia, smoking were included too.
The proportion of variance (Nagelkerke, r 2 ) of the models accounting for DM, HT, or dyslipidaemia was relatively small -up to 14% in men and 20% in women. This is compatible with the fact that these diseases are heterogeneous and multifactorial with obesity only part of the underlying causes.
Discussion
PRIT surveys are an effort to describe the prevalence and incidence of chronic conditions in the population of workers of Hospital General de México. 18, 19 The included population may be consider as representative of middle class urban population in Mexico City; so the obtained results may not be readily applied to the rest of the Mexican population, for instance countryside populations, or populations from other regions of the country.
In the present study the adjusted prevalence of being overweight in men and women (BMI > 25) and obesity in men (BMI > 30) was lower than that reported by Arroyo in the Mexican National Chronic Conditions Survey (60.7 and 25.1% in men and 56.3 and 14.9% in women). 20 Similarly, the Mexican National Chronic Conditions Survey disclosed a higher prevalence of DM and HT (7.2 and 26.6% in both genders). 21 This may be ascribed to the inclusion of populations from the north region of Mexico with higher BMI and risks in the National Survey.
The studied population had a higher prevalence of being overweight but a lower prevalence of obesity with regard to the presence of chronic conditions when compared with the Third National Health Examination Survey (overweight 39.4% in men and 24.7% in women; obesity 19.9% in men and 24.9% in women). 22 The occurrence of DM and HT was also lower than that found in the American survey (DM 7.8% in both genders, 23 hypertension 25.9% in men and 22.2% in women, 24 probably because different age groups were not considered.
According to WHO recommendations for Caucasian populations, the thresholds for increased risk of comorbidities are BMI 25 kg=m 2 men and women, WC 94 and 80 cm in Figure 1 Likelihood ratio of having DM, HT and dyslipidaemia at various BMI, WC, WHR and WTH ratio cut-offs in men.
Prediction of type 2 DM, hypertension and dyslipidaemia A Berber et al men and women, respectively, and WHIR 1.0 and 0.85 in men and women, respectively. 4 On the other hand, according to the recommendations for Asians, the thresholds for increased risk of comorbidities are BMI 23 kg=m 2 in men and women, and WC 90 and 80 cm in men and women, respectively. 25 The cut-off levels found in this study were lower than those in the Caucasian population and similar to those of the Asians.
WHR cut-offs in men and women (0.90 and 0.85 respectively) in this study are similar to those recommended by WHO guidelines (0.90 and 0.80 in men and women respectively). 4 The cut-off levels for WC, WHR and WTH corresponded to the inflexion points in the likelihood ratio graphs. In the case of BMI likelihood ratio graphs, we found a significant increase in the risk of chronic conditions with low BMI levels. This is similar to the BMI likelihood ratios reported by Ko. 9 These findings may be ascribed to the short stature in both populations. 25 Logistic regression analyses disclosed that only BMI and age were included in all the models to predict chronic conditions. WC did not have significant influence in the variability of the studied diseases. The proportion of variance of the models accounting for the chronic conditions is very small. Chronic diseases are heterogeneous and multifactorial and besides anthropometric measurements other factors, such as hereditary factors and menopausal state must be considered.
The validity of these cut-off values must be assessed prospectively in new participants coming from the same population.
These results are important to implement public health policies to detect chronic conditions.
Conclusion
Although these results may not be readily applied to the rest of the Mexican population or to other Hispanic populations, they point to the necessity for similar studies with large randomized samples to find the cut-off levels for chronic conditions in different populations. Prediction of type 2 DM, hypertension and dyslipidaemia A Berber et al
